Study Objectives: Poor or short sleep and the presence of snoring indicative of sleep-disordered breathing (SDB) have been associated with behavioral problems in school-aged children. We examined the relationship between SDB, sleep duration, obesity risk, and behavioral characteristics in Japanese elementary school students using a large-scale survey. Methods: We conducted a cross-sectional study of children enrolled in all 46 public primary schools in Matsuyama city, Japan. The children's parents or guardians completed a questionnaire that covered sleep habits, presence of SDB risk, and behavioral characteristics. Results: In total, 24 296 responses were received (90% response rate). After excluding incomplete responses, we analyzed complete datasets for 17 769 children. Mean sleep duration decreased with age, as did the prevalence of pediatric SDB. We found an increased risk for the presence of SDB and short sleep among overweight/obese children. With SDB or short sleep, we observed significantly increased odds of restless behaviors, fidgety behaviors, and poor concentration in school. Conclusions: Shorter sleep duration was associated with increased risk of obesity, and in turn, obesity increased SDB risk. Both short sleep duration and SDB risk were significantly associated with behavioral problems in school.
INTRODUCTION
A 2011 Organization for Economic Cooperation and Development report indicated that Japan is the most sleepless country in the world. 1 Remarkably, even the total sleep time of infants and toddlers (aged 0-36 months) in Japan was the shortest of 17 countries. 2 Furthermore, Japanese elementary and junior high school students showed a decrease in sleep duration from 1981 to 2012, 3 a pattern that also affected many other countries. 4 Sleep plays a critical role in children's mental and physical development, with short sleep duration or irregular sleep schedules associated with subsequent overweight and obesity in childhood. 5, 6 Sleep also enhances memory consolidation in children, 7 and sleep disruption is related to cognitive and behavioral functioning and academic performance. [8] [9] [10] [11] [12] [13] [14] [15] [16] A growing number of articles report associations between pediatric sleep problems and developmental disorders. [17] [18] [19] [20] Pediatric sleep-disordered breathing (SDB) is a key factor for sleep disruption in children. SDB affects 1%-4% of the general pediatric population, 21 usually manifesting as habitual snoring, restless sleep, labored breathing, and apnea during sleep. These symptoms are primarily related, albeit not exclusively, to the presence of enlarged tonsils and adenoids. A definitive diagnosis of pediatric SDB requires overnight polysomnographic study. This detailed test requires appropriate facilities and welltrained personnel, and few medical institutions provide the test in Japan. There is low awareness of SDB in Japan, which is problematic given the neurobehavioral impact of SDB during childhood. [22] [23] [24] [25] Despite growing concerns about pediatric sleep, there is limited information available in Japan about sleep habits and their potential impact on nutritional status or behavior in school-aged children. In this study, we investigated sleep habits and risk of SDB. Using a large-scale survey, we examined the relationships among short sleep duration, SDB risk, obesity, and behavioral characteristics in Japanese elementary school students.
METHODS

Participants and Study Design
This was a cross-sectional study of children enrolled in all 46 public elementary schools in Matsuyama city, Japan, conducted in October 2014. Self-administered questionnaires were distributed in schools. Questionnaires were completed by parents or guardians at home, and completed questionnaires were returned to the schools. We received 24 296 responses (response rate, 90%). Participation in this study was voluntary, and no financial incentive was offered. Ethical approval was granted by the Juntendo Human Research Ethics Committee (#2014085).
Questionnaire
Several questionnaires have been developed and validated to identify children at risk of SDB in the United States. Of these, a questionnaire-based screening tool comprising six hierarchically arranged Likert-type questions is particularly suitable for epidemiological surveys. 26 As this instrument has been validated in two clinical settings 27, 28 we selected it for translation and implementation in the present study (see below). Overall, the questionnaire used in this study comprised 31 questions and covered: body height and weight; bedtime (usual bedtime); sleep duration (usual amount of sleep); sleep habits; sufficiency of sleep; epilepsy; asthma; anemia; eating habits; daytime behavior; behavioral characteristics; and obstructive sleep apnea (OSA).
We translated the previously validated SDB questionnaire into Japanese for use in this study. 26 Translation of the six questions into Japanese followed a set procedure: (1) two people independently translated the questions into Japanese; (2) after discussion, we merged the two versions to create a single translation; (3) two native English speakers independently back-translated the Japanese version to create an English translation; and (4) the back-translations were checked by DG, one of the co-developers of the original questionnaire, to confirm the accuracy of the Japanese translation. The six questions were: (1) Do you shake your child to breathe? (2) Have you witnessed apnea during sleep? (3) Does your child struggle with breathing when asleep? (4) Do you have concerns about your child's breathing while asleep? (5) How loud does your child snore? and (6) Does your child snore while asleep? All questions were answered on a Likert-type response scale: never (0); rarely/once per week (1); occasionally/twice per week (2); frequently/three to four times per week (3); and almost always/over four times per week (4). The exception was question five, concerning the preceding 6 months, where response options were: mildly quiet (0); medium loud (1); loud (2); very loud (3); and extremely loud (4). The cumulative score for all six questions was calculated according to the formula (where Q1 = response to question 1, Q2 = response to question 2, and so on):
A = (Q1 + Q2)/2; B = (A + Q3)/2; C = (B + Q4)/2; D = (C + Q5)/2; the cumulative score = (D + Q6)/2. A score of 2.72 was considered to indicate high risk for the presence of SDB. 27 Responses to questions about sleep habits used the same scale as for the six SDB screening questions. Responses to questions about behavioral characteristics used a three-level scale: not true (0); somewhat true (1); and certainly true (2) . Behavioral characteristics were assessed using the items: restless-the child cannot stay still for long; the child is always fidgeting or squirming; the child is easily distracted and unable to focus their attention; and, the child accomplishes a task to the end. To describe the data, we analyzed the means, standard deviations, median, and minimum and maximum. We used logistic regression analysis to investigate the relationship between emotional characteristics and SDB. We calculated the Rohrer's index to assess the children's nutritional status (weight in kilograms divided by the height in meters cubed). 29, 30 This index has been adopted for physical examinations in Japanese elementary schools. Using this index, the cutoff points for Japanese school-aged children are 100 for very lean, 115 for lean, 145 for normal, and 160 for overweight and obese. 31 
Statistical Analysis
RESULTS
We received a total of 24 296 responses. After excluding incomplete questionnaires, complete datasets for 17 769 children (grade 1 n = 2976, grade 2 n = 2955, grade 3 n = 2770, grade 4 n = 2977, grade 5 n = 3087, and grade 6 n = 3004) were available for analysis. Table 1 presents the children's weekday and weekend bedtime and sleep duration. For both weekdays and weekends, bedtime progressively occurred at later times and sleep duration decreased with advancing age. On average, children went to bed at 21:31 on weekdays and 21:57 on weekends. The mean sleep duration was 8.6 hours on weekdays and 9.0 hours on weekends. Height, weight, and Rohrer's index by grade are also set out in Table 1 . As expected, height and weight increased with grade, whereas the mean Rohrer's index decreased. Across all age groups, the longer the sleep duration, the lower the Rohrer index (p < .001) and the lower the odds of obesity; that is, approximately a 47% decrease in the likelihood of obesity (p < .001). After adjusting for age (grade), the difference in odds ratio (OR = 0.70) and reduction in Rohrer index were more modest, but remained statistically significant (p < .001). Table 2 presents the children's sleep habits. The proportion of children who lacked sleep and looked tired rose as grade increased. The proportion of children who "almost always" wet (n = 2976) (n = 2955) (n = 2770) (n = 2977) (n = 3087) (n = 3004) the bed decreased with increasing grade, from 2.8% in grade 1 to 0.2% in grade 6. The prevalence of habitual snoring (HS; "frequently" and "almost always") was 10.6%, 11.3%, 10.7%, 9.3%, 9.9%, and 8.5% for grades 1-6, respectively. The cumulative scores for the six questions related to screening pediatric OSA by grade are shown in Table 3 Table 4 shows the cumulative scores for all six questions by Rohrer's index category for children with scores ≥ 2.72. We found a rise in scores ≥ 2.72 with increasing Rohrer's index category (OR = 1.82; 95% CI: 1.46-2.27; p < .001).
We used logistic regression analyses with Huber-White robust standard errors to investigate the relationship of each behavioral characteristic to sleep duration and SDB. Behavioral characteristics were scored dichotomously as either "not true" or "somewhat/certainly true." When adjusted for grade, greater amounts of sleep during the week were associated with lower odds of being restless (OR = 0.90; 95% CI: 0.86-0.95; p < .001), fidgety (OR = 0.92; 95% CI: 0.85-0.99; p = .028), or distractible (OR = 0.87; 95% CI: 0.83-0.091; p < .001). Conversely, the more children slept, the higher the odds of being persistent on tasks (OR = 1.08; 95% CI: 1.02-1.15; p = .008).
The ORs for each of the behavioral characteristics for children with scores ≥ 2.72 relative to those with scores < 2.72 after adjusting for grade are presented in Table 5 . The ORs were: 2.67 (95% CI: 1.81-3.95) for restlessness; 4.82 (95% (n = 2976) (n = 2955) (n = 2770) (n = 2977) (n = 3087) (n = 3004) 
DISCUSSION
We evaluated the relationships among sleep duration, SDB, obesity, and behavioral characteristics. The major findings were that the shorter the sleep duration the greater the risk of obesity or behavioral issues. A similar yet independent association emerged among children at higher risk for SDB, based on a validated questionnaire-based index. The bedtimes of children in grades 1 and 4 in this study were similar to those found in a previous study in Thailand. 32 However, for both grades, the weekday and weekend sleep duration in the present study were longer than those of Thai children. The sleep duration of Thai children was 8.55 hours (grade 1) and 8.36 hours (grade 4) on weekdays and 9.10 hours (grade 1) and 8.59 hours (grade 4) on weekends. 32 Bedtimes were similar in the present study, meaning later wakeup times accounted for longer sleep duration in the Japanese children included in the present study. Therefore, although Japan is perceived as the most sleepless country for adults and infants, this does not appear to be the case for elementary school-aged children. Consistent with many previous international studies, we observed a significant association between sleep duration and a measure of adiposity (Rohrer index). 33 In recent years, it has been reported that interventions aimed at extending sleep in the context of obesity prevention in children fail to show the desired outcomes.
5,34-40 It appears to be contrary to the results of the present study. However, in some of those reports, they discussed that the intervention itself did not work. Therefore those report would not be construed to deny the relationship between sleep and obesity.
We found that the prevalence of daily snoring showed a slight decrease with increasing grade. HS is an important symptom of SDB. 41 Sahin and colleagues reported the prevalence of HS was 3.5% in elementary school children in Isparta, Turkey. 42 In that study, HS was considered present if parents reported snoring as occurring frequently or almost every day. Using the same definition, the prevalence of HS in present study was 10.0%; similar to that reported by O'Brien et al. in the United States and Brockman et al. in Germany. 22, 43 Although behavioral problems are often described in children with HS, we wished to explore whether the presence of a higher likelihood of SDB, as predicated by the cut-off score of the 6-item questionnaire, would translate into more problematic behaviors or be associated with obesity. Using a cut-off of ≥ 2.72, we found the prevalence of OSA was 0.6%. 27 The reported prevalence of OSA in elementary school children worldwide is 1%-4%, which is higher than that found in the present study. 21 Three reasons may account for this potential underestimation. First, the original cut-off point as defined by Spruyt and Gozal might have been too stringent for the present cohort. 6 Their cut-off point was developed using a community-based sample enriched for habitual snoring, which may have slanted the score toward a higher value. Second, low awareness about SDB and snoring among Japanese parents might have affected their responses to the six questions. For example, most parents answered "never" to the question "Do you have concerns about your child's breathing while asleep?" The answers to questions about characteristics were categorized as either "not true" or "somewhat/certainly true."
(94.6% in grade 1 to 98.2% in grade 6). These findings suggest that very low awareness might have imposed an opposite effect, leading to low SDB prevalence. Third, we previously reported the seasonal variation of snoring in Japan, whereby snoring frequency and loudness were significantly higher in spring and summer, and lowest in the fall. In the present study, conducted at the beginning of fall, seasonal changes might have further lowered the prevalence of SDB. 44, 45 In this study, the risk of SDB increased as Rohrer's index increased. This was not surprising given that obesity is clearly established as an important predisposing factor in the development of pediatric SDB. 46, 47 The accumulation of fat in the upper airway walls, along with increased inflammation of the airway that increases its collapsibility will promote narrowing of the pharyngeal cavity, particularly during sleep. In this context, the prevalence of OSA syndrome in obese children can be as high as 60%. 48, 49 The results of the present study showed the independent associations between short sleep duration and SDB and behavioral characteristics. Children with short sleep duration or those with scores ≥ 2.72 tended to be restless, fidgety, inattentive, and less likely to persevere with tasks. These behavioral features are often observed in children with attention-deficit hyperactivity disorder (ADHD). A large number of studies have reported a relationship between ADHD and either short sleep duration, or SDB symptoms. 22, [50] [51] [52] [53] [54] [55] [56] [57] [58] In a longitudinal study in Iran, Amiri et al. reported that after adenotonsillectomy, ADHD symptoms, including oppositional behavior, cognitive disorders, inattention, and hyperactivity were improved. 50 Fidan and Fidan also concluded that some neurobehavioral problems in children can improve without psychiatric medication. 51 Among healthy school-aged children, a relationship has been found between short sleep duration and ADHD-like symptoms of inattention and cognitive functioning. 57 In a recent meta-analysis, Sedky et al. found that children suffering from SDB presented with elevated rates of ADHD symptoms, and that these symptoms improved significantly after treatment with adenotonsillectomy. 59 This prompted the recommendation that children with ADHD symptoms should be screened for SDB and treated for that condition before initiating psychostimulant therapy.
The present study has several limitations. First, we relied on parental reports, which tend to be highly specific, but might be relatively insensitive as to whether a child snored during the night. [60] [61] [62] As noted above, the frequency of positive responses to questions about snoring was relatively low in this population. It could be caused by low awareness of SDB, which might have led to under-reporting of milder symptoms. Second, the Rohrer's index has been used nationwide in Japan; accordingly, we used this measure of adiposity to assess overweight and obesity rather than other established measures, such as body mass index z-score or waist circumference z-score, which might provide better estimates of visceral fat. Using the Rohrer's index in this largescale epidemiological study, we found significant associations between SDB risk and shorter duration sleep, similar to other studies. Third, the cutoff point of 2.72 for the cumulative score of SDB risk might have been too high for this population. This assumption will need to be validated using polysomnography.
In summary, short sleep duration in elementary school children is associated with obesity and behavioral issues in school.
In turn, obesity is associated with SDB. Similar to short sleep duration, increasing severity of SDB symptoms, as illustrated by the 6-item questionnaire score, was also strongly and independently associated with behavioral school issues. We believe that public campaigns are necessary to promote awareness of healthy sleep among children in general and SDB in particular. Such campaigns may contribute to curtailing both obesity rates and school behavioral issues that may detract from optimal learning and development.
